Abstract: Suggestions abound for successful adoption of building information modeling (BIM); however, a company with limited resources cannot adopt them all. The factors that have top management priority for successful accomplishment of a task are termed critical success factors (CSFs). This paper aims to derive the CSFs for four questions commonly asked by companies in the first wave of BIM adoption: (1) What are the CSFs for adopting BIM in a company? (2) What are the CSFs for selecting projects to deploy BIM? (3) What are the CSFs for selecting BIM services? (4) What are the CSFs for selecting company-appropriate BIM software applications? A list of consideration factors was collected for each question, based on a literature review, and then refined through face-to-face interviews based on experiences of BIM experts. An international survey was conducted with leading BIM experts. From the 206 distributed surveys, 52 responses from four continents were collected. This study used quantitative data analysis to derive a manageable number (4-10) of CSFs for each category from dozens of anecdotal consideration factors. The derived CSFs are expected to be used as efficient metrics for evaluating and managing the level of BIM adoption and as a basis for developing BIM evaluation models in the future.
Introduction
Over the past 10 years, much discussion has centered around the potential for building information modeling (BIM) to change industry work practices, especially the ways that architects, engineers, contractors, and owners share information, models, and data [Construction Users Roundtable (CURT) 2005]. However, BIM adoption around the world still falls short of its potential for a variety of reasons, including both technical issues, such as interoperability, investment, and training and organizational issues, such as professional liability, intellectual property, process problems, and trust (Table 1) . Despite these barriers, the McGraw-Hill SmartMarket surveys, as of 2012, point out that "71% of the industry in the U.S. and 58% in Korea are using BIM or BIM-related tools today." This represents a 154% growth from 2007 to 2012 in the USA (Lee et al. 2012) .
Successful technology adoption depends on many factors, including people's attitudes toward the technology, corporate culture, relationships between companies, characteristics of the specific projects, industry-wide issues of legal precedents, communication density, organizational barriers, and an individual's resistance to change (O'Brien 2000; Nitithamyong and Skibniewski 2003) . Personal attitudes toward new technology adoption are shaped by the risks involved in using unproven means and methods, by the difficulty in implementing technology in particular settings, by financial risks involved, and by the perception of other workers' attitudes toward new technologies (Paulson and Fondahl 1980; Tatum 1989) . Even when companies commit the resources needed for technological change, project participants do not necessarily participate equally (Cuff 1991) .
The concept of BIM was addressed as it is perceived today in Eastman's Building Description Systems (BDS) in the 1970s (Eastman et al. 1974; Eastman 1976) , and the term was first used as it is used today in van Nederveen's 1992 paper (van Nederveen and Tolman 1992) . However, it was not until 2003 that commercial BIM tools became abundant and the industry slowly started adopting BIM in its processes (Autodesk 2003; Bentley and Workman 2003; Cyon Research Corporation 2003; Laiserin 2003) . During the mid-to late 2000s, many firms across the world had to work through technical and organizational issues without clearly knowing the direction in which they were moving. The industry level and organization level of this period are referred to as the early stage of BIM adoption, or the first wave of BIM adoption. During this period, some firms failed to adopt BIM, whereas others succeeded. Nevertheless, a sufficient number of BIM cases succeeded to lead other firms to adopt BIM, and many recommendations were made based on the experience and lessons learned throughout this period Eastman et al. 2008; Bernstein et al. 2010 ; American Institute of Architects (AIA) et al. 2012] . However, a company with limited resources cannot adopt all the recommendations simultaneously.
In this paper, a method is sought to derive critical success factors (CSFs) for the successful adoption of BIM-especially during the early phase of BIM adoption-and to understand the rationale behind them. The concept of CSF was proposed in the late 1970s. John Rockart, who is often credited with proposing the concept of CSF, defines CSFs as "the limited number of areas in which results, if satisfactory, will ensure successful competitive performance for the organization" (Rockart 1979) . CSFs are important in any type of management or new technology adoption because they allow companies to focus their resources and efforts on certain areas; this then aids them in identifying problem areas and taking necessary corrective actions.
Many articles and books have discussed obstacles and success factors underlying the successful adoption of BIM. However, these studies mostly introduced sparse recommendations based on successful case histories (Manning and Messner 2008; Kuprenas and Mock 2009) . Case studies have the advantage of finding unique ways of solving problems, observing new phenomena, or testing theoretical assumption, but they are limited in their capacity for providing a compiled list of solutions or for determining the criticality of issues. This study adopts a two-step approach to identify the CSFs for successfully adopting BIM. First, it compiles the scattered consideration factors or obstacles for BIM adoption identified in previous studies. Second, it quantitatively analyzes the criticality and priority of the success factors through a survey of world-leading BIM experts, who have vast experience in successful and failed BIM projects. Expert surveys are recognized as a reliable and efficient method for obtaining the positions of large groups irrespective of group size (Steenbergen and Marks 2007) .
The CSFs were investigated specifically corresponding to the four questions most commonly asked by an organization in the process of adopting BIM: (1) What are the CSFs for adopting BIM in a company? (2) What are the CSFs for selecting projects to deploy BIM? (3) What are the CSFs for selecting BIM services? (4) What are the CSFs for selecting company-appropriate BIM software applications?
Factors proposed by previous studies were collected first and an international collaborative survey between Yonsei University, the University of Washington, and Pennsylvania State University was prepared containing questions about what made BIM implementation successful in recent projects and what would be considered when implementing future BIM projects based on the collected factors. The surveys were distributed to industry professionals and BIM experts and elicited responses from 52 BIM experts from around the world. The lessons learned from this study reveal aspects of industry-wide adaptation to and adoption of BIM and also identify the critical issues in implementing innovations that span organizational boundaries in terms of BIM. This paper is organized as follows. The next section presents a literature review, specifically focusing on gathering CSFs in relation to these four questions. The third section briefly describes the survey and analysis methods. The fourth through seventh sections report the results of the survey and explain the top priority management items (CSFs) in relation to the four questions. Finally, the eighth section examines the ramifications of the findings.
Literature Review
The first wave of BIM adoptions struck the architecture, engineering, and construction (AEC) industry from the mid-to late 2000s as a means to overcome low construction productivity and other obstacles hampering innovation in the AEC industry (Egan 1998; Teicholz 2004) . During this first wave, many lessons were learned through trial and error. Several articles, books, and industry surveys discussed the general barriers, benefits, and limitations to BIM implementation (Khemlani 2006 (Khemlani , 2007a Riese and Peake 2007; Eastman et al. 2008; Khanzode et al. 2008; Manning and Messner 2008; Park and Kim 2009) . Of these, the SmartMarket Report series is one of the most comprehensive survey studies in US, European, and Korean markets Bernstein et al. 2010; Lee et al. 2012 ). This series presents results from surveys on the challenges, potential adoption drivers, and benefits of adopting BIM within an organization in the USA, Europe, and Korea. In addition to broader results, the 2008 report identified (2007) training, senior management buy-in, and the cost of software and hardware as obstacles to BIM adoption. The 2010 report additionally identified difficulties in evaluating BIM, lack of functionality for what users to do, inadequate demand from clients, and insufficient BIM-compatible contents as obstacles. Nevertheless, the focus was on the identification of obstacles to BIM adoption rather than its success factors.
Other books and studies discussed general considerations for BIM adoption, but mostly in a qualitative manner. Researchers and industry experts presented general considerations for successful BIM adoption Khanzode et al. 2008; Lee et al. 2009; Dossick and Neff 2010; Gu and London 2010; Jung and Joo 2011) , some focused on consideration factors for selecting appropriate BIM software applications (Khemlani 2007b; Gu and London 2010) whereas others proposed necessary organizational strategies Khanzode et al. 2008; Lee et al. 2009; Bernstein et al. 2010; Dossick and Neff 2010; Gu and London 2010) . For example, Dossick and Neff (2010) identified organizational strategic issues such as conflicts between obligations to scope, project, and company that needed to be addressed for successful BIM-assisted collaboration. Jung and Joo (2011) proposed factors such as property, relation, standards, utilization, perspective, and construction business function that should be considered when setting up a BIM framework.
Most research papers and industry best-practice reports identify the barriers and limitations of successful BIM adoption as insights or lessons learned through case studies of BIM-assisted projects, although a few present these as the results of a survey. A summary of these barriers is shown in Table 1 . Some of these issues relate to the adoption of BIM within a single company, while other issues relate to the industry network of companies that must simultaneously innovate together (Taylor and Levitt 2007) . BIM adoption can be categorized into four phases by level of organization involved in a BIM project, as proposed by Lee (2007) However, many lessons and much experience were gained through this first wave of BIM, and many recommendations were made as anecdotal stories in the literature.
An analysis of that literature reveals that some barriers are related to innovating within a company, others relate to interorganizational innovation, and some relate to both corporate innovation as well as industry-wide change. However, all of them should be considered by a company to eventually reach the fourth phase of BIM implementation when adopting BIM. Table 1 summarizes these barriers to BIM adoption.
While success factors can be conceptualized as the inverse of barriers (in other words, success occurs when a team, company, or network overcomes a barrier), a limited number of publications discuss success factors specifically with respect to BIM adoption. Using a focused group interview with experts, Gu and London (2010) identified factors for successful BIM adoption across disciplines, such as data management and information exchange, including standards, security, and responsibility issues. Using an analytic hierarchy process analysis, Lee et al. (2009) identified factors for selecting appropriate BIM software applications for a company. All the respondents of the Lee et al. study were Korean BIM experts; therefore, in the present paper, these findings will be expanded upon with world-wide sampling.
The literature does not yet suggest a priority or criticality for implementation issues either for barriers or for success factors. This paper will seek to address this gap. In the next section, the survey process and the method of calculating CSFs for this study are described.
Research Method
First, a set of consideration factors for each of the four categories (questions) was compiled by collecting and converting barriers, limitations, and other factors identified by previous work into consideration factors. Second, the compiled consideration factors were reviewed and refined based on the comments from face-to-face interviews with six leading BIM experts in Korea. All six of these experts had more than 15 years of experience in the field and over 6 years of experience in BIM. Two of them were senior project managers of large architectural firms, three were BIM consultants, and one was a senior manager of a construction management firm. Through the interviews, redundant items were merged and missing items were added. The revised consideration factors are listed in the following sections where the analyses are described.
Third, an international collaborative survey was conducted with leading BIM experts. The aim here was to limit the respondents to the leading BIM experts whose insight, knowledge, and experience could aid companies in adopting or implementing BIM. The number of targeted BIM users in the survey was minimized because some focused BIM users have a limited view on BIM (e.g., using a specific software application is BIM, or designing in three dimensions is BIM.) The criteria for choosing the leading BIM experts were as follows:
• Internationally well-known BIM consultants, • Senior BIM managers or directors at architectural firms and construction companies with experience in internationally recognized BIM projects, • Government officers in charge of BIM, • Authors of major BIM books, and • Researchers who published papers on BIM in internationally recognized journals and conference proceedings. The respondents were asked to rate the importance of each factor according to a seven-point Likert scale, with 1 being very strongly disagree and 7 very strongly agree. The survey was conducted from December 2008 to January 2009. A total of 206 BIM experts from around the world were invited to answer the questionnaire using an online survey. Out of 206 recipients, 52 BIM experts (29.2%) responded. Based on their roles, the respondents were classified as follows: 29 BIM practitioners including BIM managers and consultants (56%), 19 BIM researchers (36%), and 4 others who were not classifiable (e.g., government officials) (8%). Of the 61 responses, 24 were working in North America (39%), 19 in Europe (31%), 14 in Asia (23%), and 4 in Oceania (7%); 2 did not answer the question. The total number of responses (61 responses) was larger than the number of the respondents to the survey (52 people) because some respondents worked in more than two areas.
Based on the survey results, the collected consideration factors were classified as success factors (SFs) and critical success factors (CSFs). The terms consideration factors, SF, and CSF are defined below:
• Consideration factors: factors that should be considered in successfully conducting a task (BIM adoption) • Success factors (SFs): consideration factors that require highlevel attention • Critical success factors (CSFs): success factors that have top management priority No standardized method or threshold value exists for identifying CSFs, although the mean value of responses or the middle value of a Likert scale is often used. For example, Kulatunga et al. (2009) and Teo and Ang (1999) used 4 out of 5 points as the threshold, which was close to the mean values of total responses (4.28 and 3.97 points, respectively). Shen and Liu (2003) set 4, which was labeled "important" in the study, as the threshold. Skibniewski (2003, 2007) used the middle value of the seven-point Likert scale as the threshold. Magal et al. (1988) did not establish a separate threshold and accepted all the factors that were identified as CSFs in previous studies.
In the present study, consideration factors whose importance value was over 4 (out of 7 points) were selected as SFs. Consideration factors whose importance value exceeded the total mean value of each category were selected as CSFs. In a general situation, the mean value may be lower than four out of seven points. However, because consideration factors, which were used as base factors, were already a collection of factors that had been identified as important by BIM experts, even the lowest value was generally over the middle value (3.5 out of 7); consequently, the mean values were higher than 4. A reliability analysis of the survey was conducted using Cronbach's alpha, which is a common measure of the internal consistency of a survey or a questionnaire that uses a Likert scale. The minimum value of Cronbach's alpha for the four questionnaires was 0.860, which indicated a high level of internal consistency for the present study's scale (Table 2) .
Practitioners and researchers are often regarded as having different views on various issues. To determine whether there was any difference in the responses depending on the respondents' background, a t-test was conducted after the respondents were divided into two groups: researchers (36%, 19 respondents) and practitioners (56%, 29 respondents). Researchers were mostly professors. The other four respondents were excluded from this test because the numbers were too small to represent their occupation type. The analysis results showed no statistical difference between the two groups in most cases. A discussion of the t-test results is included in Table 3 . We explained differences between the practitioners' and the researchers' perspectives on the BIM success factors in detail in the appendix. In addition, postsurvey interviews were conducted with some respondents, mostly via e-mails, to determine and understand the differences and the underlying meaning of selected factors. Some argue that new technologies in general, and BIM in particular, are an opportunity to change work practices (CURT 2005; AIA 2006) , while the research of others suggests that successful adoption depends on allowing teams to adapt the technologies to suit their existing work practices (Hartmann 2008) . Power struggles and organizational shifts occur as individuals, teams, and companies navigate through changes to the legal risks associated with standards of practice, concerns over intellectual property, financial risks associated with capital investments in hardware and software, and the investment needed to train and maintain technologically To answer these questions, the general barriers, limitations and challenges, and consideration factors identified in previous work were collected, as shown in Table 1 
The survey results generally corresponded to those of previous studies Lee et al. 2012) . They showed that nontechnical issues, including interorganizational issues such as willingness to share information (5.82), master BIM model team/ managers (5.76), effective collaboration between project participants (5.76), and organizational structure to support BIM (5.75), were regarded as CSFs, although several technical factors, such as abundant BIM libraries, and collaboration management tools were also considered important but relatively lower in priority. Organization support and standards of practice were regarded as critical factors, but general concerns over intellectual property and financial risks were not considered important.
Part 2: What Are the CSFs for Selecting Projects to Deploy BIM?
When adopting BIM, companies generally do not implement it immediately in every project; instead, they use it in several selected projects until they gain sufficient knowledge and confidence. The second part of the survey dealt with CSFs for determining the projects in which a company should deploy BIM first. As this particular question has not yet been addressed in the literature, a list of 13 factors was derived through a focused group interview with BIM experts in Korea. The list was then sent to international leading BIM experts to determine the importance of the selected factors. Table 5 summarizes the survey results. Respondents showed the largest discrepancies in this part of the survey compared to the other three parts. One factor, location of construction sites (3.38 < 4.0), Q2NF1, was not even included in the SF list. The other 12 factors, which scored higher than four points, were selected as SFs. The respondents felt that the project manager's interest and willingness (6.13) and the client's request (5.56) were the most important factors to consider when choosing a BIM-assisted project. The physical size of a project (4.15), construction cost (4.15), and subcontractor capability (4.48) were regarded as less important. This result aligned with the literature related to information technology adoption in that the construction industry relies on individual leadership to overcome organizational and technical challenges (Dossick and Neff 2010) . In the study, the respondents felt that participants' willingness was more important than other technical or nontechnical factors. The fact that the interest and willingness of project managers (6.13) ranked much higher than the second top factor, client requests (5.56), as a factor in choosing a BIM-assisted project strengthens this point even further. Another interesting factor that ranked in the top three was the complexity of building shapes and building systems (5.44). Because buildings with complex shapes and systems are difficult to build using two-dimensional drawings, these are the ones that can clearly exhibit the benefits of BIM adoption when successful. Note also that these projects may be challenging for a new team to model, which can influence the level of success on the early adoption projects.
Overall, the top six factors were selected as CSFs (threshold value ¼ 4.80). An architectural firm's use of BIM (5.02) and availability of information on similar projects, which can be compared to the results of a selected pilot project (4.81), were rated as CSFs, in addition to the four factors mentioned earlier: project manager's interest and willingness to adopt BIM (6.13), request from a client on BIM (5.56), project complexity (in terms of a building's shape or building systems) (5.44), and field engineers' interest and willingness to adopt BIM (5.37).
Part 3: What Are the CSFs for Selecting BIM Services?
BIM can be used in various ways, from a simple clash check to facility management. However, a company cannot adopt all BIM services at once because the adoption costs and learning curves would be too high. The aim of the third part of the survey was to identify which factors were critical in determining the priority of utilization of BIM services. People or organizations that attempt to implement BIM should consider diverse issues. An initial set of 15 consideration factors for selecting BIM services was identified using previous studies (Khemlani 2007b; Gu and London 2010) related to the selection of BIM software applications as base references. The initial list was reviewed through face-to-face interviews with six BIM experts. The final 10 consideration factors were derived from the initial 15 factors by merging redundant or similar factors and adding a new factor, conflicts with a traditional work process. Table 6 shows the four CSFs and six SFs for selecting appropriate BIM services.
All 10 factors were determined to be important for the successful selection of BIM services and were categorized as SFs. Among these 10 SFs, only 4 factors were identified as CSFs (threshold value: 5.05). The value of BIM adoption (5.58) was identified as the most critical factor for selecting the proper BIM services for projects, followed by requirements from a company's strategy (5.50), requirements from clients (5.33), and a level of current BIM technology that supports the BIM-based services of interest (5.29). Another factor, investment costs including hardware and software costs and training fees (4.52), may be a value (i.e., an input value) that determines the value of BIM adoption. However, it was ranked the lowest on the SF list. This indicates a perception that the selection of BIM services should be driven by the expected outcomes or goals rather than by the input.
A success factor not selected as a CSF but worth mentioning is Q3F7, whether the service can be adopted without conflicts with a traditional work process. It had the highest standard deviation (SD), showing that there was not necessarily agreement related to the factor. The criticality may be perceived differently depending on the reason for implementing BIM. Some implementers aim to drive process innovation with BIM, whereas others aim to align BIM with their existing process. For the process innovation group, Q3F7 is a critical factor. A wide range of BIM applications are available for various purposes. Among them, it is important to select an appropriate set of BIM software applications that can be continuously used for a long period of time and deliver maximized benefits to a company when they are first implemented because it is expensive and difficult to convert from one system to another. Many companies choose BIM software applications based on functionality, software vendors' market shares, or success stories. Those are important factors, but many more are available to consider when selecting software applications (Liberatore and Pollack-Johnson 2003; Lee et al. 2009 ). Part 4 of the survey focused on the CSFs for selecting company-appropriate BIM software applications. Several studies have been conducted on this topic. Khemlani (2007b) proposed several criteria for choosing BIM software, such as the possibility of the support for diverse working areas, libraries, usability, interoperability issues, automated drawing generation, and market share of the software. Lee et al. classified the consideration factors into four parts: usability, functionality, business aspects, and experiences. Each category included various detailed factors. Based on these studies, a list was compiled of consideration factors for BIM software selection and refined through face-to-face interviews with six BIM experts. Table 7 lists the final 14 consideration factors. Seven CSFs (threshold value ¼ 5.02) and seven SFs for selection of BIM software were identified.
Unlike the CSFs for general BIM adoption and selection of BIM-assisted projects, technical factors were rated highest in this category. Not surprisingly, how well a software application currently supports services of interest (5.48) ranked highest, followed by how interoperable a software application is with other applications (5.35), how well a large model can be handled (5.13), and ease of modeling and adding new libraries (5.10). Among these, Q4F3, how interoperable a software application is with other applications, showed the highest discrepancies in the responses. Interoperability is generally perceived as one of the critical factors in selecting BIM tools and successfully adopting BIM Lee et al. 2012) . However, the postsurvey interview showed that some BIM experts, based on their experience, were confident that they could find some viable way to exchange data among BIM tools. Consequently, they considered interoperability critical, but not as critical as other factors, in selecting BIM tools. In addition to these five technical factors, three nontechnical factors were also included in the seven CSFs: expected economic impact (return on investment) (5.25), which was first in the CSF list for selecting BIM services in Part 3 and rated fourth in software. Rated second and sixth, respectively, were whether there were known successful BIM cases of the software application (5.46) and whether there were major subcontractors or business partners currently using the software application (5.13).
The seven SFs mostly dealt with nontechnical issues such as business issues or readiness. They were as follows: how well current employees use the software application (5.00), whether the use of the software application is required by contract (5.00), learning curve to get used to a BIM tool (4.94), whether the software application is already in use in several departments (4.81), initial investment costs including hardware and software costs and training fees (4.67), a possibility of getting targeted BIM services in the near future in association with a software vendor's long-term strategy (4.65), and how good content libraries are (4.40). Q4F9, whether the use of the software application is required by contract, showed a large discrepancy. Some clients require specific BIM software applications. If BIM implementers know which software applications will be required by clients, considering them during software selection is critical. However, knowing which software applications will be required is difficult unless a request for bidding is released.
Conclusions
Recently, many tips and suggestions for successful BIM adoption have been presented in books, reports, and on the Internet. However, companies with limited manpower, time, and financial resources must stay focused upon the important criteria that they must consider to be successful. Focusing on a management perspective makes it possible to analyze the criticality of adoption factors, which provide insights into BIM and BIM adoption in the first wave from 2007-2009. This paper derived CSFs with top management priority for four questions commonly asked by companies adopting BIM: (1) What are the CSFs for adopting BIM in a company? (2) What are the CSFs for selecting projects to deploy BIM? (3) What are the CSFs for selecting BIM services? (4) What are the CSFs for selecting company-appropriate BIM software applications? Through an international survey with 52 leading BIM experts from 4 continents, 10 CSFs for Question 1, 6 for Question 2, 4 for Question 3, and 7 for Question 4 were derived using a seven-point Likert scale survey (with 7 indicating very strongly important).
The key contribution of this study is that it derived CSFs for implementing BIM from four main aspects by consolidating and prioritizing scattered, and sometimes implicitly defined, success factors. Many articles and books have addressed general considerations or obstacles to BIM implementation; however, a study on success factors for BIM adoption is rare. Moreover, too many considerations have been proposed by previous studies. If everything is important, nothing is manageable. The results of this study could be used as a basis for developing a quantifiable and effective management tool for evaluating the success level of BIM adoption within an organization.
The present study showed that both technical and nontechnical factors are important for the adoption of BIM in a company. However, nontechnical organizational readiness was considered relatively more urgent than technological readiness (or maturity), especially during the early adoption period, although BIM is interlaced with advanced computing technologies. This indicates that nontechnical items should be ready prior to the technical implementation of BIM. Naturally, the successful adoption of BIM depends more on how well a company "aligns BIM technology with their work process and vice versa" (Taylor and Levitt 2007) than on technological readiness. Another interesting finding is that, of 10 CSFs, willingness to share information among project participants was considered most critical. Other important factors were standard work procedures and information exchange protocols, detailed BIM execution plans (Anumba et al. 2010 ) for different projects, and education to motivate senior managers and project participants and help them get accustomed to BIM.
In choosing projects for the application of BIM, common questions and comments from new BIM adopters included the following: What should be the appropriate physical size of a project? Large projects are difficult to manage, but small projects may be too simple to see the benefits of BIM. Is it better to apply BIM to a high-budget project or a low-budget project? However, BIM experts believed that project-specific factors such as the physical size of a project (4.15) and construction costs (4.15), although important, were generally less critical than the interest and willingness of project managers (6.13) and those of field engineers (5.37) in selecting BIM projects. This concurs with the general principle of project management-good leadership and interests of participants exceed other factors in determining the success of a project. Regarding the physical aspects of a building, BIM experts recommended considering buildings with complex shapes and systems (5.44) as a top choice. This probably has to do with the fact that three-dimensional coordination and design review are regarded as the most effective and prevalent use of BIM today (Kreider et al. 2010) . Buildings with complex shapes and systems, which commonly have many spatial conflicts and clashes between trades, are definitely the building types that can maximize the benefits of BIM-assisted space coordination and design review. Nevertheless, it is important to note that BIM implementation on complex projects also requires more attention due to the added complexity.
Regarding the selection of BIM services, BIM experts recommended that BIM services be selected with a focus on outcomes and goals and with less emphasis on input costs. The four CSFs were value of BIM adoption (5.58), requirements from a company's strategy (5.50), requirements from clients (5.33), and a level of current BIM technology that supports the BIM-based services of interest (5.29). The magnitude of investment and readiness of BIM services was also regarded as important, but not as high a priority as those mentioned previously. Return on investment (ROI) is composed of two factors: input and output. This finding goes against the general tendency of a company in the early stage of BIM adoption to focus too much on the initial investment costs (input) and implies that setting up the proper goals (output) and selecting BIM services that meet those goals are critical for increasing ROI through the adoption of BIM.
Generally, several factors are considered when selecting a software application: functions, usability, business aspects, and experience (Lee et al. 2009 ). Unlike the answers to all other questions, the survey results regarding the selection of company-appropriate BIM software applications showed that these applications should be selected by considering technical factors first, such as how well a software application currently supports the services of interest (5.48), how interoperable a software application is with other applications (5.35), how well a large model can be handled (5.13), and ease of modeling and adding new libraries (5.10). However, in addition to these four technical factors, the following three nontechnical factors were also identified as critical factors and should receive special attention: whether there are known successful BIM cases of the software application (5.46), expected economic impact (return on investment) (5.25), and whether major subcontractors or business partners currently use the software application (5.13).
These four sets of BIM CSFs could be used in the future as efficient metrics for evaluating, managing, and judging the level of an organization's BIM for developing BIM evaluation models. Currently, the authors are developing a model for quantitative evaluation of the success level of an organization's BIM, based on the findings of this study. However, it is also possible to formalize the BIM CSFs, as they are, into an evaluation sheet for checking and managing the status of an organization's BIM.
The order of these CSFs may vary depending on companies' business strategies, limitation of company resources, and organizational culture. However, the present authors believe that these small sets of SFs are the first thing to consider for any company. Companies may adjust these lists depending on their goals and unique situations.
Some may argue that the sample size of this study was small for an international survey. The number of everyday BIM users is rapidly increasing. However, regular BIM users were intentionally excluded from the survey, which included only senior-level BIM managers and renowned researchers and BIM consultants because it is these persons who could provide an insightful and holistic view of BIM. Considering the fact that even very large firms generally have approximately or fewer than 10 to 20 full-time BIM staff members, with some exceptions, and that BIM is widespread only in several advanced countries, the group that can be referred to as world-leading BIM experts is not very large. Therefore, the authors believe that the sample size was appropriate.
This survey reflected only the lessons and experience gained from the first wave of BIM adoption during the mid-to late 2000s. The next wave of BIM adoption is ongoing. The advancement of adoption and technology improvements in the future may be creating slight alterations in the ranks of BIM CSFs/SFs, although the lists of CSFs/SFs may not change dramatically. A follow-up study is anticipated, aimed at understanding how BIM CSFs/SFs will be changed as the industry's experience with BIM grows. Although the proposed CSFs are meant for use by companies in the early stages of BIM adoption, these CSFs may also be used by companies in the mature stage of BIM use, with a minor adjustment of the CSF lists and a proper evaluation model for measuring the success level.
Appendix. Minor Differences between Practitioners' and Researchers' Perspectives on BIM Success Factors
According to the results of a t-test regarding the identification of CSFs for adopting BIM, no statistical differences were noted between the practitioners' perspectives and those of the researchers for the 53 BIM success factors discussed in this paper, except for four. The four differing factors are client interest or request for BIM (Q1F17), incentive programs for using BIM (Q1F19), architectural firms' use of BIM (Q2F5), and the scalability of the software (Q4F5). The willingness and necessity of organizations to adopt BIM was considered more important by the practitioners than by the researchers, while the environmental concerns promoted by clients or senior management in the organizations were more important to the researchers. Having on a project team an architectural firm that could use BIM was considered more critical by the researchers than by the practitioners. Scalability was considered more critical by the practitioners than by the researchers.
